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INTRODUCTION
One of the objectives for integrated monitoring should be to provide early indications of impending changes in the environment or in the biosphere. These changes are often difficult to detect, at least in their early stages, because of large natural variability in the element or process being monitored. Two classes of applications can be envisaged:
1. Detection of changes which may become irreversible (for all practical purposes). There are two subcategories in this class: a) changes that are expected, but with uncertainty as to magnitude and time of occurrence, e.g., C02 greenhouse climate warming and stratospheric ozone depletion; b) changes that are completely unexpected, e.g., forest dieback in Europe, which was not forecasted by anyone 15 years ago.
2. Detection of simulated changes, i.e., determination of the length of time required to demonstrate the efficacy of some proposed management strategy. For example, if it were planned to reduce sulphur emissions from a smelter by 30% say, how many months of wet deposition measurements from the surrounding network of stations would be needed in order to detect the change with 95% confidence?
Although the early detection of discontinuities and jumps is issue-specific in many cases, there are nevertheless some general principles that can be listed. One of these is that the monitoring should be undertaken within the framework of integrated monitoring (Izrael, 1980 and 1983) .
When based on an interconnected picture of the environment and the biosphere (through the notion of biogeochemical cycling of trace substances, for example), the monitoring system is likely to be much more responsive to detecting surprises than if it consisted of several disconnected components (an air monitoring network; a water quality network, etc.).
In the context of early detection of the effects of water pollution on biota, Cairns and Schalie (1980) have produced a useful overview of aquatic indicators. They first make the point that biological indicators are indeed important in that they integrate the effects of various stresses operating on the system; information on pollution concentrations alone is a poor indicator of potential impact, toxicity being a complex function of water hardness, dissolved oxygen concentration, pH, temperature and the concentrations of other pollutants in the water. However, Cairns and Schalie go on to state that no single biological indicator has yet been found that will provide all the information necessary to interpret the behavior of an ecological system. They suggest.that an array of indicators be identified.
Some of the desirable properties of an early warning biological indicator have been listed by Regier and Whillans (1980, personal 6. in the case of contaminants it stores chemicals at a faster rate than other organisms;
7. easy to collect and assay;
8. population not harmed by sampling for assay purposes.
After reviewing this list, Regier and Whillans come to the same conclusion as Cairns and Schalie (1980) . viz., that a composite set of complementary indicators will be necessary.
One of the problems is that biological indicators are usually subjected to multiple stresses. A way of eliminating this difficulty is to examine the stresses one at a time. For example, a single plant species could be grown outdoors in a well-fertilized, well-watered soil. Alternatively, the species could be grown in a controlled chamber such as an ecostat, microcosm or phytotron. This approach is very useful (UNEP, 1980) although synergistic effects may then be missed. The technique should not be excluded in future research programs in which several approaches are tested.
Most of the work on biological early-warning indicators of change has been narrowly focussed on pollution toxicity. There are, however, many other kinds of stresses acting on ecosystems. Some of the factors that need to be considered in designing a monitoring system include weather (heat, cold, drought, flood, e t c . ) , i n s e c t p e s t s , f o r e s t f i r e s , a n t h r o p o g e n i c f a c t o r s ( o v e r g r a z i n g o f p a s t u r e , d e f o r e s t a t i o n , e t c . ) , i n v a s i o n s o f c o m p e t i n g s p e c i e s , e t c .
An i n t e g r a t e d b i o l o g i c a l e a r l y -w a r n i n g m o n i t o r i n g s y s t e m s h o u l d t h e r e f o r e b e b r o a d l y b a s e d t o i n c l u d e m e a s u r e m e n t s o f t h e s e o t h e r f a c t o r s .
2 . 3 -T h e M a p p i n g -o f S i g n a l -t o -N o i s e F i e l d s * T h e r e l a t i v e e a s e w i t h w h i c h a t r e n d c a n b e d e t e c t e d d e p e n d s o n :
--t h e s i z e o f t h e t r e n d ; --t h e v a r i a n c e o f t h e t i m e s e r i e s ; --t h e s h a p e o f t h e t r e n d l i n e ( a j a g g e d t r e n d l i n e w i l l b e d i f f i c u l t t o d e t e c t ) ;
--t h e s p a t i a l c o h e r e n c e o f t h e t r e n d ; --t h e o c c u r r e n c e o f t r e n d s i n s e v e r a l r e l a t e d i n d i c a t o r s : --t h e d e g r e e t o w h i c h t h e o b s e r v e d p a t t e r n s c a n b e --S/N + 1 o c c u r s b y c h a n c e 32% o f t h e t i m e ; --S/N i 2 o c c u r s b y c h a n c e 5% o f t h e t i m e ; --S/N + 3 o c c u r s b y c h a n c e l e s s t h a n 1% o f t h e t i m e . a n d R a m a n a t h a n ( 1 9 8 0 ) . B a s e d o n a s p e c t r a l a n a l y s i s o f m o n t h l y m e a n t e m p e r a t u r e s , t h e v a r i a n c e o f t h e d a t a s e t i s c a l c u l a t e d a s a f u n c t i o n o f f r e q u e n c y .
T h e n t h e e s t i m a t e d n o i s e N i s g i v e n a s t w i c e t h e e x p e c t e d s t a n d a r d d e v i a t i o n f o r v a r i o u s a v e r a g i n g t i m e s .
T h e s i g n a l S i s e s t i m a t e d f r o m m o d e l p r e d i c t i o n s o r f r o m q u a l i t a t i v e l y d e r i v e d s c e n a r i o s .
( I f a r a n g e o f p o s s i b l e s c e n a r i o s l e a d s t o r a t h e r s i m i l a r s e l e c t i o n s o f p r e f e r r e d l o c a t i o n s / i n d i c a t o r s , t h e r e w i l l b e g r e a t e r c o n f i d e n c e i n t h e r e s u l t s . The most widely quoted study of signal-to-noise ratios is that of Wigley and Jones (1981) , who studied the early detection of C02 greenhouse warming. They used: a) the numerical simulation of Manabe and Stouffer (1980) to estimate signal in monthly mean temperature (see Figure Figure 2 suggests that a C02-induced steady-state effect would be detected first in mid-latitudes in summer. This is in contrast with a strategy based on the behaviour of S as predicted by Manabe and Stouffer (1980) that warming would be greatest in high latitudes in autumn and winter.
(See Figure 1 .) Although the predicted warming is not so great in summer, this factor is compensated by a decreased variance at that time of year.
Studies such as that by Wigley and Jones (1981) Izrael and Munn (1985) have recently suggested that the health of geophysical, ecological and socioeconomic systems is maintained as a balance amongst various positive and negative feedback mechanisms.
If a new stress is imposed, the system may remain in equilibrium through changes in the strengths of the feedbacks. In this context, conventional monitoring may be very ineffective in detecting change. Sometimes too, a system under stress may appear to remain in a steady state due to the existence of lags in one or more of its components. For example, the large heat capacity of the oceans would dampen the immediate change to be expected in world air temperature if some external heating function were imposed. Ultimately of course, an equilibrium condition is reached. Another well-known example is the pH of a lake, which may remain relatively constant for some length of time, even when the water body is under stress from sulphate deposition. The appropriate indicator in this case is buffering capacity, which will reveal whether the pH of the lake will suddenly shift to a lower value.
These ideas will be elaborated in Section 3.4 below. 
. 5 C r e a t i v e S c e n a r i o W r i t i n g I t i s d i f f i c u l t t o p e e r i n t o t h e f u t u r e .
H o w e v e r , a g r o u p o f "wise men" c a n s o m e t i m e s " b r a i n s t o r m " t o p r o d u c e a m e a n i n g f u l l i s t o f s u r p r i s e s t h a t m i g h t h a p p e n i n t h e n e x t s e v e r a l d e c a d e s . A l t h o u g h t h e p r o b a b i l i t y o f o c c u r r e n c e o f a n y p a r t i c u l a r s c e n a r i o m i g h t b e v e r y l o w , t h e g r o u p m i g h t p e r h a p s b e a b l e t o d e s i g n a m o n i t o r i n g s y s t e m t h a t w o u l d k e e p t h e v a r i o u s o u t c o m e s i n m i n d . P a r t i c u l a r l y i f t h e d e s i g n o f t h e m o n i t o r i n g s y s t e m were d e v e l o p e d w i t h i n a n o v e r a l l c o n c e p t u a l f r a m e w o r k , t h i s s t r a t e g y m i g h t b e s u c c e s s f u l .
A s a n e x a m p l e , F . R o o t s ( 1 9 8 5 , p e r s o n a l c o m m u n i c a t i o n ) h a s s u g g e s t e d s o m e p o t e n t i a l s u r p r i s e s t h a t m i g h t o c c u r i n p o l a r r e g i o n s .
T h e s e a r e g i v e n i n T a b l e 1 , t o g e t h e r w i t h a n i n d i c a t i o n ( f a r -r i g h t c o l u m n ) o f w ' h e t h e r t h e s u r p r i s e s c o u l d b e d e t e c t e d .
3.
A N EXAMPLE: THE EARLY DETECTION OF CLIMATE W A R M I N G
I n t r o d u c t i o n T h e g l o b a l c l i m a t e s y s t e m w i l l b e u s e d t o i l l u s t r a t e s o m e o f t h e i d e a s i n t r o d u c e d i n S e c t i o n 2.
T h e a t m o s p h e r e -o c e a n s y s t e m i s c e r t a i n l y c o m p l e x , c o n t a i n i n g many f e e d b a c k s a n d l a g s ; f u r t h e r m o r e t h e s p a c e a n d t i m e v a r i a b i l i t i e s a r e v e r y l a r g e . T h u s t h e e a r l y d e t e c t i o n o f c l i m a t e c h a n g e i s a r e a l c h a l l e n g e .
. 2 S i g n a l -t o -N o i s e R a t i o s T h e u s e o f s i g n a l -t o -n o i s e r a t i o s h a s a l r e a d y b e e n d i s c u s s e d w i t h r e s p e c t t o t h e g l o b a l s u r f a c e t e m p e r a t u r e f i e l d ( s e e S e c t i o n 2 . ) . E x a m i n a t i o n o f t h e i s o p l e t h s i n F i g u r e 2 s u g g e s t s t h a t c l i m a t e w a r m i n g w o u l d b e d e t e c t e d f i r s t i n m i d -l a t i t u d e s i n s u m m e r .
A s e m p h a s i z e d by S c h n e i d e r ( 1 9 8 4 ) , h o w e v e r , t h e i s o p l e t h s o f s i g n a l s h o w n i n F i g u r e 1 a r e b a s e d o n a n e q u i l i b r i u m c l i m a t e m o d e l , w h i c h c o u l d g i v e r e s u l t s q u i t e d i f f e r e n t f r o m t h o s e o f a t r a n s i e n t m o d e l . I t seems l i k e l y t h a t d u r i n g t h e t r a n s i e n t p h a s e , t h e a i r o v e r c o n t i n e n t s w o u l d w a r m m o r e q u i c k l y t h a n a i r o v e r o c e a n s b e c a u s e o f t h e g r e a t t h e r m a l i n e r t i a o f t h e l a t t e r . T h i s w o u l d c h a n g e t h e c h a r a c t e r o f m o n s o o n s , a n d p o s s i b l y r e d u c e t h e i n t e n s i t y o f s t o r m a c t i v i t y a l o n g t h e e a s t c o a s t s o f N o r t h America a n d Asia i n a u t u m n a n d w i n t e r ( M u n n , 1 9 8 4 a ) .
T h e i s o p l e t h s i n F i g u r e 2 m u s t t h e r e f o r e b e a p p l i e d w i t h a m e a s u r e o f s k e p t i c i s m b u t a s a f i r s t g u e s s , w a r m i n g m i g h t b e c o m e a p p a r e n t f i r s t i n t h e c e n t r a l p a r t s o f c o n t i n e n t s , i n m i d -l a t i t u d e s i n s u m m e r .
3.3
C o n v e n t i o n a l M e t h o d s C l e a r l y g r e e n h o u s e w a r m i n g w i l l b e e a s i e r t o d e t e c t i f t h e m e a s u r e m e n t s a r e h o m o g e n e o u s w i t h r e s p e c t t o i n s t r u m e n t a t i o n a n d o b s e r v i n g p r o c e d u r e s a n d r e p r e s e n t a t i v e o f g l o b a l c o n d i t i o n s , i . e . , f r e e o f l o c a l i n f l u e n c e s s u c h a s u r b a n i z a t i o n a n d d e f o r e s t a t i o n .
I n t h e c a s e o f f i r s t -a n d s e c o n d -o r d e r w e a t h e r o b s e r v i n g . s t a t i o n s , f o r e x a m p l e , a u s e f u l f i r s t s t e p w o u l d b e t o i d e n t i f y t h e s u b s e t o f s t a t i o n s w h i c h h a v e n o t u n d e r g o n e s i g n i f i c a n t l a n d -u s e c h a n g e s i n t h e l a s t 30 y e a r s o r s o , a n d w h i c h a r e n o t l i k e l y t o u n d e r g o s u c h c h a n g e s i n t h e n e x t 30 y e a r s .
T h e n u m b e r o f s u c h s t a t i o n s w i l l b e s m a l l .
I n t h e a r c t i c a c o m p l i c a t i n g f a c t o r i s t h e r e c e n t i n c r e a s e i n h a z i n e s s , p a r t i c u l a r l y i n l a t e w i n t e r a n d s p r i n g .
B e c a u s e t h i s c o u l d h a v e a n e f f e c t o n s u r f a c e t e m p e r a t u r e , o n l y s u m m e r a n d
--d o w n w a r d i n f r a r e d r a d i a t i o n a t t h e s u r f a c e o f t h e e a r t h A s t h e c o n c e n t r a t i o n s o f g r e e n h o u s e g a s e s i n c r e a s e , t h e u p w a r d i n f r a r e d r a d i a t i o n a t t h e t o p o f t h e a t m o s p h e r e s h o u l d d e c r e a s e a n d t h e d o w n w a r d i n f r a r e d r a d i a t i o n a t t h e s u r f a c e s h o u l d i n c r e a s e . Of c o u r s e , t h e f o r m e r q u a n t i t y i s v e r y d i f f i c u l t t o m e a s u r e w i t h s u f f i c i e n t a c c u r a c y w h i l e t h e l a t t e r h a s s u c h a h i g h v a r i a n c e t h a t t r e n d s m i g h t b e a l m o s t i m p o s s i b l e t o d e t e c t .
. 4 I d e n t i f i c a t i o n of S t r e s s e s , F e e d b a c k s a n d L a g s . 4 . 1 G e n e r a l T h e s t r e s s c a u s i n g c l i m a t e w a r m i n g i s t h e i n c r e a s i n g c o n c e n t r a t i o n o f g r e e n h o u s e g a s e s i n t h e a t m o s p h e r e . T h e l a g s a r e t h e h i g h h e a t c a p a c i t y o f t h e o c e a n s a n d t h e l a r g e a m o u n t o f l a t e n t h e a t r e q u i r e d t o m e l t t h e w o r l d ' s g l a c i e r s , o r t o c r e a t e new o n e s .
T h e f e e d b a c k s a r e a s f o l l o w s ( H a n s e n e t a l . , 1 9 8 4 ; R o b o c k , 1 9 8 5 ; D i c k i n s o n , 1 9 8 6 ) : 
--i c e -s n o w a l b e d o ( p o s i t i v e f e e d b a c k ) a ) F o r a C o o l i n g E a r t h T h e l a r g e r t h e a r e a c o v e r e d b y s n o w a n d i c e , t h e l a r g e r t h e a m o u n t o f s o l a r r a d i a t i o n r e f l e c t e d b a c k t o s p a c e a n d t h e l o w e r t h e s u r f a c e t e m p e r a t u r e ( f u r t h e r i n c r e a s i n g t h e a r e a c o v e r e d b y s n o w a n d i c e ) . A r e l a t e d p o s i t i v e f e e d b a c k i s c l o u d i n e s s , w h i c h d e c r e a s e s a s o c e a n i c s u r f a c e s b e c o m e i c e -c o v e r e d .
b ) F o r a W a r m i n g E a r t h A s s n o w a n d i c e m e l t , t h e a m o u n t o f a b s o r b e d s o l a r r a d i a t i o n i n c r e a s e s .
A l s o c l o u d i n e s s i n c r e a s e s a s o c e a n i c s u r f a c e s b e c o m e i c e -f r e e .
--Water V a p o u r ( p o s i t i v e f e e d b a c k )
A s t h e a t m o s p h e r e w a r m s , t h e c o n c e n t r a t i o n o f water v a p o u r i n c r e a s e s , i n c r e a s i n g t h e g r e e n h o u s e e f f e c t .
--C l o u d i n e s s
A c h a n g e i n c l o u d i n e s s a f f e c t s t h e p l a n e t a r y a l b e d o a n d t h e d e g r e e o f t r a p p i n g o f i n f r a r e d r a d i a t i o n . D i c k i n s o n ( 1 9 8 6 ) i s o f t h e o p i n i o n t h a t e v e n t h e s i g n o f t h i s f e e d b a c k i s u n c e r t a i n .
--L a n d --I n t e r n a l R e a d . j u s t m e n t s W i t h i n the G e n e r a l C i r c u l a t i o n -o f t h e A t m o s p h e r e -O c e a n S y s t e m ( p o s i t i v e o r n e g a t i v e l o n g i t u d i n a l s h i f t s i n t h e a r e a s o f t r o p i c a l c l o u d i n e s s ( H a r t m a n n , 1 9 8 4 ) , a n d c h a n g e s i n t h e r a t e o f p r o d u c t i o n o f d e e p water i n t h e n o r t h A t l a n t i c ( B r o e c k e r e t a l . , 1 9 8 5 ) . I n t h i s l a t t e r c a s e , i t i s p o s t u l a t e d t h a t a b u i l d u p o f a t m o s p h e r i c C 0 2 w o u l d l e a d t o p o l a r w a r m i n g , l o w e r i n g t h e d e e p s e a v e n t i l a t i o n r a t e , i n c r e a s i n g PC02 i n s u r f a c e o c e a n i c w a t e r s , a n d r e d u c i n g t h e f l u x e s o f C 0 2 f r o m t h e a t m o s p h e r e t o t h e o c e a n . T h i s w o u l d a c c e l e r a t e t h e r a t e o f i n c r e a s e o f a t m o s p h e r i c C 0 2 .
On t h e o t h e r h a n d , t h e a t m o s p h e r e c o n t a i n s n e g a t i v e f e e d b a c k s , e . g . , t h e m e r i d i o n a l f l u x e s o f s e n s i b l e a n d l a t e n t h e a t w h i c h a p p e a r t o h a v e a s t r o n g s t a b i l i z i n g e f f e c t o n c l i m a t e ( S t o n e , 1 9 8 4 ) .
. 4 . 2 E a r l y -W a r n i n g M o n i t o r i n g S t r a t e g i e s
I n t h e c a s e o f a c o m p l e x s y s t e m s u c h a s g l o b a l c l i m a t e , t h e d e s i g n c r i t e r i a f o r a n e a r l y -w a r n i n g s y s t e m b a s e d o n t h e " f e e d b a c k " a p p r o a c h s h o u l d b e b u i l t a r o u n d e x p l i c i t h y p o t h e s e s a b o u t c l i m a t e .
Two s u c h h y p o t h e s e s w i l l b e c o n s i d e r e d h e r e .
H y p o t h e s i s 1: T h e c l i m a t e s y s t e m i s w a r m i n g d u e t o
i n c r e a s i n g c o n c e n t r a t i o n s o f g r e e n h o u s e g a s e s . H o w e v e r , t h e w a r m i n g i s s o m e w h a t l a g g e d b y t h e w o r l d o c e a n s a n d t o a much l e s s e r e x t e n t b y t h e w o r l d g l a c i e r s . H a n s e n e t a l . ( 1 9 8 4 ) e s t i m a t e t h a t t h e g l o b a l mean s u r f a c e a i r t e m p e r a t u r e l a g s t h e t e m p e r a t u r e t o b e e x p e c t e d f r o m c u r r e n t concentrations of greenhouse gases by 1C. As these concentrations increase, a widening gap can be expected between current and equilibrium climate.
The simplest global climate model (the energy balance model) is based on the assumption that at the outer edge of the atmosphere, the total absorbed solar radiation i s equal to the total outgoing infrared radiation, i.e., where A is albedo and Q(SW), Q(LW) are the total downward short-wave and upward long-wave radiation. Q(SW) can be calculated from astronomical considerations. Equation 1 is of course a steady-state assumption, and a widening gap between the left-and right-hand sides, or a decrease in both terms, would indicate that an internal readjustment within the climate system was taking place.
Based on these considerations, the following elements of a climate monitoring system are recommended in principle:
--global albedo at the top of the atmosphere (this quantity can be measured with sufficient accuracy) (5-year average is currently 0.3 + 0.005 with no indication of a trend) --total upward long-wave radiation at the top of the atmosphere (this quantity cannot yet be measured with sufficient accuracy).
(The RMS deviation is too large to detect trends; see Gruber and Krueger (1984) . for example. ) --total area of snow and ice (to examine the postive feedbacks resulting from changes in the snow-ice albedo) --changes in land albedo (to examine the feedbacks resulting from desertification and deforestation) --changes in world cloudiness (this quantity may be difficult to measure with sufficient accuracy) Most of these measurements would need to be annual averages; Equation 1 would not be expected to apply on a single day.
Hypothesis 2: The climate system has more than one stable mode.
Greenhouse warming may lead to a sudden shift to a new mode.
Beginning with the work of Lorenz (1968) . there has been considerable discussion of the possibility that nonlinearities in the climate system could lead to multiple equilibria. One trivial example (Dickinson, 1986) is the case in which the net downward shortwave radiation is reduced to 0.9 (say) of its current value for a sufficiently long time; if that unlikely event were to occur, the earth would become ice-covered and would remain so even if the net flux were to increase again.
Current general circulation models do not permit study of multiple modes. However, the conceptual ideas of Broeker and colleagues (Broeker and Takahashi, 1984; Broeker et al., 1985) are r e l e v a n t i n t h e c o n t e x t o f d e s i g n i n g e a r l y w a r n i n g m o n i t o r i n g s y s t e m s .
T h e t h e o r y i s t h a t t h e r e a r e s h a r p t r a n s i t i o n s i n t h e r a t e o f p r o d u c t i o n o f d e e p w a t e r i n t h e N o r t h A t l a n t i c . T h i s l e a d s t o t r a n s i t i o n s i n t h e a s s o c i a t e d d e e p -o c e a n s a l i n i t y d i s t r i b u t i o n , a n d t h e p a r t i a l p r e s s u r e o f C02 i n s u r f a c e w a t e r s .
I f o n e a c c e p t s t h i s t h e o r y , t h e n t h e f o l l o w i n g q u a n t i t i e s s h o u l d i n p r i n c i p l e b e m o n i t o r e d :
--t h e v e n t i l a t i o n r a t e s o f t h e d e e p o c e a n i n t h e N o r t h A t l a n t i c ;
--t h e a s s o c i a t e d s a l i n i t y d i s t r i b u t i o n s i n t h e d e e p o c e a n s , p a r t i c u l a r l y i n t h e N o r t h A t l a n t i c ;
--g l o b a l l y -a v e r a g e d PC02 i n s u r f a c e o c e a n i c w a t e r s .
T h e s e a r e o f c o u r s e d i f f i c u l t m e a s u r e m e n t s t o m a k e , b u t a t t h e v e r y l e a s t , r e g u l a r o b s e r v a t i o n s o f s a l i n i t y a n d o t h e r t r a c e r s ( e . g . , r a d i o i s o t o p e s ) s h o u d b e m a d e i n t h e d e e p w a t e r s o f t h e N o r t h A t l a n t i c .
Summary I n t h e f o r e g o i n g s u b s e c t i o n , s e v e r a l a p p r o a c h e s h a v e b e e n d i s c u s s e d i n a n a t t e m p t t o i d e n t i f y a s m a l l s e t o f i n d i c a t o r s o f c l i m a t e w a r m i n g .
T h e b e s t s t r a t e g y i s t o u s e a n i n t e g r a t e d a p p r o a c h , w h i c h s h o u l d i n p r i n c i p l e i n c l u d e t r e n d a n a l y s e s o f :
--S e a s o n a l a n d a n n u a l m e a n t e m p e r a t u r e s o b t a i n e d f r o m a s u b s e t o f f i r s t -a n d s e c o n d -o r d e r w e a t h e r o b s e r v i n g s t a t i o n s , c a r e f u l l y s c r e e n e d w i t h r e s p e c t t o h o m o g e n e i t y a n d r e p r e s e n t a t i v e n e s s .
F r o m t h i s s u b s e t , s p e c i a l a t t e n t i o n s h o u l d b e g i v e n t o s u m m e r o b s e r v a t i o n s f r o m s t a t i o n s i n t h e i n t e r i o r o f c o n t i n e n t s i n m i d l a t i t u d e s .
--S e a s o n a l a n d a n n u a l m e a n t h i c k n e s s e s o f d e s i g n a t e d p r e s s u r e l a y e r s i n t h e s t r a t o s p h e r e .
--Downward i n f r a r e d r a d i a t i o n a t t h e s u r f a c e o f t h e e a r t h .
--G l o b a l a l b e d o a n d o u t g o i n g l o n g -w a v e r a d i a t i o n a t t h e t o p o f t h e a t m o s p h e r e ( t o c h e c k E q u a t i o n 1 ) .
--T o t a l a r e a o f s n o w a n d i c e .
--L a n d a l b e d o .
--G l o b a l c l o u d i n e s s .
--PC02 o f t h e o c e a n i c s u r f a c e m i x e d l a y e r .
--T h e s a l i n i t y d i s t r i b u t i o n o f t h e d e e p w a t e r s o f t h e n o r t h A t l a n t i c . T h i s s e t o f i n d i c a t o r s s h o u l d b e r e v i e w e d p e r i o d i c a l l y i n t h e l i g h t o f t h e m o s t r e c e n t o b s e r v a t i o n a l d a t a a n d r e l e v a n t r e s e a r c h r e s u l t s .
I t s h o u l d a l s o b e n o t e d t h a t s o m e o f t h e s e m e a s u r e m e n t s c a n n o t y e t b e m a d e w i t h s u f f i c i e n t a c c u r a c y t o p e r m i t t r e n d d e t e c t i o n .
H o w e v e r , t h i s d e f i c i e n c y s h o u l d h e l p d e c i d e p r i o r i t i e s w i t h r e s p e c t t o t h e i m p r o v e m e n t o f c u r r e n t m o n i t o r i n g s y s t e m s . T h e r e i s a l s o a n e e d t o a g r e e o n i n t e r n a t i o n a l p r o t o c o l s o n how t o c a l c u l a t e t h e n o i s e i n t i m e s e r i e s o f a v a r i e t y o f m e t e o r o l o g i c a l e l e m e n t s .
A s p o i n t e d o u t b y W i g l e y e t a l . ( 1 9 8 5 ) . s h o r t -, m e d i u ma n d l o n g -t e r m c l i m a t e v a r i a b i l i t i e s t e n d t o r u n t o g e t h e r , s o t h a t s o m e a r b i t r a r y c o n v e n t i o n s n e e d t o b e a d o p t e d w i t h r e s p e c t t o c o m p u t i n g n o i s e .
.
A N EXAMPLE: THE DESIGN OF A WET DEPOSITION NETWORK TO DETECT CHANGES I N A I R POLLUTION EMISSIONS P o l i c y -m a k e r s s o m e t i m e s a s k w h e t h e r t h e b e n e f i c i a l e f f e c t s o f a p r o p o s e d m a n a g e m e n t s t r a t e g y w o u l d b e d e t e c t e d q u i c k l y . T h i s q u e s t i o n was c o n s i d e r e d a t a r e c e n t w o r k s h o p i n t h e c o n t e x t o f t h e d e t e c t i o n o f c h a n g e s i n a c i --F o r l o c a t i o n s f a r f r o m s o u r c e s , d a i l y m e a s u r e m e n t s o f g a s e s a n d o f v a r i o u s s u b s t a n c e s i n t o t a l s u s p e n d e d p a r t i c u l a t e s a m p l e s may p r o v i d e b e t t e r i n d i c a t o r s o f t r e n d t h a n d o t h e w e t d e p o s i t i o n v a l u e s , w h i c h a r e much f e w e r i n n u m b e r .
--S u b s t a n t i a l g a i n s i n t h e a b i l i t y t o d e t e c t a c h a n g e i n I n o r d e r t o e n s u r e c o m p a r a b l e s p a c e s c a l e s , i t i s n e c e s s a r y t o t r a n s f o r m t h e o b s e r v a t i o n s i n t o s p a t i a l l y -a v e r a g e d v a l u e s b e f o r e c o m p u t i n g n o i s e , 5.
CONCLUSION
T h e p a p e r h a s d e a l t w i t h t h e q u e s t i o n o f d e s i g n i n g m o n i t o r i n g s y s t e m s t o p r o v i d e e a r l y i n d i c a t i o n s o f environmental/ecological c h a n g e s .
Some o f t h e c h a n g e s w i l l b e u n e x p e c t e d , a n d e x i s t i n g m o n i t o r i n g s y s t e m s may b e i n a d e q u a t e . --t h e m a p p i n g o f s i g n a l -t o -n o i s e f i e l d s --i d e n t i f i c a t i o n a n d q u a n t i f i c a t i o n o f s t r e s s e s , f e e d b a c k s a n d l a g s --c r e a t i v e s c e n a r i o w r i t i n g .
T h e b e s t s t r a t e g y i s t o t a k e a n i n t e g r a t e d a p p r o a c h i n w h i c h a l l o f t h e m e t h o d s a r e u s e d .
I n t h i s c o n n e c t i o n , t h e i d e a o f f i n g e r p r i n t i n g ( M a c C r a c k e n a n d M o s e s , 1 9 8 2 ) c o n v e y s t h e s p i r i t o f g o o d d e s i g n o f a m o n i t o r i n g s y s t e m , i n w h i c h o n e s e a r c h e s f o r " c o r r e l a t e d p a t t e r n s o f c h a n g e s , n o t j u s t c h a n g e i n o n e i s o l a t e d p a r a m e t e r . "
F o r e x a m p l e , i f s t r a t o s p h e r i c c o o l i n g were d e t e c t e d a t t h e same t i m e a s t r o p o s p h e r i c w a r m i n g , t h e c a s e f o r a g r e e n h o u s e e f f e c t w o u l d b e c o n s i d e r a b l y s t r e n g t h e n e d .
A s a f i n a l e x a m p l e , C r u t z e n ( 1 9 8 5 , p e r s o n a l c o m m u n i c a t i o n ) h a s s u g g e s t e d t h a t t h e c h e m i c a l s t a t e o f t h e a t m o s p h e r e i s c r i t i c a l l y d e p e n d e n t o n t h e c o n c e n t r a t i o n o f t h e OH r a d i c a l , w h i c h i s a l m o s t i m p o s s i b l e t o m o n i t o r a t c u r r e n t l e v e l s i n t h e a t m o s p h e r e .
A l t h o u g h t h i s m a k e s t h e t a s k o f d e s i g n i n g a g l o b a l a i r c h e m i s t r y n e t w o r k v e r y d i f f i c u l t i n d e e d , i t d o e s h e l p t o s e t p r i o r i t i e s f o r r e s e a r c h i n t h e f i e l d s o f i n s t r u m e n t d e s i g n a n d m o d e l l i n g .
